1.
Introduction. In the crystal-growth literature some authors [1] , [2] , [3] have recently pointed to an interesting phenomenon that they conveniently refer to as the "interface effect." This effect occurs when a crystal is grown within the confines of a hot crucible by means of the so-called Bridgman technique. Owing to an abrupt change of thermal conductivities across the solid-liquid interface, the slopes of temperature profiles show a corresponding sudden change. This would seem to create a problem at the location where the interface meets the wall of the crucible. Indeed, as the crucible consists of material that can be thought of as homogeneous, temperature profiles are expected not to show a sudden variation of their slopes there. This creates the aforementioned interface effect.
The very few theoretical analyses [2] , [3] that have been done in an attempt to understand this phenomenon have employed the so-called fin approach. In this approach simplified assumptions are made about the dependence of the temperature on one of the coordinates, usually the radial one, and an averaging technique is used to derive suitable field equations. Clearly, using such an approach we may only hope to get some insight into the global properties of the temperature field. It would not seem possible for the method to shed any light upon the finer aspects of the problem. Another recent paper [4] presents an investigation into the shape of the solid-liquid interface for a given wall heating, but it does not pay specific attention to the shape of the profile near the wall.
It would seem obvious to anyone of an applied-mathematical turn of mind that the way in which nature, as it is simulated by the usual equations and boundary conditions appertaining to heat transfer, will resolve the conflict described above is by creating a singularity. It is the purpose of this note to investigate and discuss the nature of this singularity. Since the problem involving conjugate heat conduction in a system consisting of a crucible containing material that is partly solid and partly liquid may defy the analytical approach, we shall consider a simpler problem in which the temperature is prescribed at the outer boundary of the crystal. The melt is assumed to remain stationary. Furthermore, we shall restrict ourselves to a Cartesian geometry. Since the interface effect occurs at some distance from the crystal axis, and as we are interested only in what happens in the immediate vicinity of the singularity, there is no reason to consider the more complicated radial symmetry.
2. Analysis. Let us consider a slab of material of dimensionless thickness two. We use a Cartesian coordinate system x, y, where y = ? 1 denote both faces of the slab. The coordinate x measures distance along the slab. We consider stationary heat conduction so that The solution to this problem can be expressed as follows:
QQ= x+-1-2-arctan { cos(ry/2) }) dp.
As we have said, the purpose of this contribution is to study the behavior of the curve Q(x, y) = 0 in the vicinity of the point (x, y) = (0, 1), and similarly near (0, -1), which is the same. Let us put therefore y = I T q. This means that we must study the behavior of the integral As it approaches the wall, the solid-liquid interface curves towards the boundary in such a way that the tangent becomes parallel to the x-axis. In this way the system accommodates for the difference in thermal conductivities. It can also be seen that the solid-liquid interface is displaced in the direction of the phase that has the lowest thermal conductivity. We can show that this observation is also valid for values of x and y that are not close to either (0, -1) or (0, 1) .
Finally, it is tempting to think that it would have been much easier to demonstrate the singular behavior of (18) with a semi-infinite geometry, where y -* oo and with the boundary condition (6) defined at y = 0. However, the solution to that problem is not unique, since we can always add Q = (Ax + B)y to any particular solution satisfying the boundary condition at y = 0. The problem definition does not tell us how to select A and B. It can be shown that A affects the coefficient in (18). Since A can be both positive and negative, the infinite problem does not settle the important question of the direction in which the interface is displaced depending upon whether y < 1 or y > 1.
